Bletilla formosana HAYATA (Orchidaceae) is a perennial herb with rhizomes, corms, or root-stem tuberoids. It is the only variable species of Bletilla in Taiwan. 1) The tubers of Bletilla striata REICHB. FIL. has attracted much attention during the Severe Acute Respiratory Syndrome (SARS) prevalent period due to its use in treating pneumonophthisis and pneumonorrhagia in traditional Chinese medicine.
Results and Discussion
The ethanolic extract of the whole herbs was successively partitioned with ethyl acetate and n-butanol. The ethyl acetate and n-butanol-soluble fractions were separatedly subjected to silica gel column chromatography. Fractions rich in polyphenolic compounds were combined and purified by Sephadex LH-20 column to give three new dihydrophenanthrenes, 4-methoxy-9,10-dihydrophenanthrene-1,2,7-triol (1), 1-(4-hydroxybenzyl)-4,7-dimethoxy-9,10-dihydrophenanthrene-2-ol (2), and 1,3,6-tri(4-hydroxylbenzyl)-4-methoxydihydrophenanthrene-2,7-diol (3), along with seven known phenanthrene derivatives, 1-(4-hydroxybenzyl)-4-methoxy-9,10-dihydrophenanthrene-2,7-diol (4), 3) 1,6-di(4-hydroxylbenzyl)-4-methoxy-9,10-dihydrophenanthrene-2,7-diol (5), 4) 1,3-di(4-hydroxybenzyl)-4-methoxy-9,10-dihydrophenanthrene-2,7-diol (6), 3, 4) 1-(4-hydroxybenzyl)-4-methoxyphenanthrene-2,7-diol (7), 4) 1-(4-hydroxybenzyl)-4,8-di-methoxyphenanthrene-2,7-diol (8), 5) 1,8-bi(4-hydroxybenzyl)-4-methoxyphenanthrene-2,7-diol (9), 6) and blestriarene B (10), 7) a bibenzyl, 2Ј,6Ј-bis(p-hydroxybenzyl)-3,3Ј-dihydroxy-5-methoxybibenzyl (11), 8) six known flavonoids, 8-C-p-hydoxybenzylkaempferol (12), 9) apigenin (13), 10) 6-methoxykaempferol (14) , 11) kaempferol (15), 12) isorhamnetin (16), 13) kaempferol 7-O-glucoside (17), 12) 3,4-dihydroxybenzaldehyde (18), 14) protocatechuic acid (19), 12) p-(hydroxymethyl)phenyl-b-D-glucoside (20). 15) Compound 1 was isolated as a pale yellow amorphous powder with a molecular formular C 15 . From above results, the structure of compound 1 was established as 4-methoxy-9,10-dihydrophenanthrene 1,2,7-triol.
Compound 2 was obtained as a pale yellow amorphous powder. The molecular formula of 2 was established as C 23 H 22 O 4 by HR-EI-MS. It showed a significant fragment peak at m/z 256 and 107 due to the removal of hydroxybenzyl (C 7 H 7 O) moiety in mass spectrum (EI-MS). The IR and UV spectra were similar to those of compound 1. The 1 Hand 13 C-NMR spectra (see Table 1 C-NMR data of 2 are similar to those of 1-(4-hydroxybenzyl)-4-methoxy-9,10-dihydrophenanthrene-2,7-diol 4) except for a methoxyl group at 7-position in place of a hydroxyl group Therefore, the structure of compound 2 was assigned as 1-(4-hydroxybenzyl)-4,7-dimethoxy-9,10-dihydrophenanthrene-2-ol.
Compound 3 has the molecular formula C 36 H 32 O 6 as determined by HR-EI-MS. The IR and UV spectra of 3 were similar to those of 1 and 2. The mass spectrum of 3 exhibited a 96 ) and H-2ٞ(6ٞ) indicated the methoxyl group at C-4 and the locations of three p-hydroxybenzyl at C-1, C-3 and C-6. The methoxyl protons in 3 was seen at higher field (d 3.14) due to shielding by the 3-hydroxybenzyl group. The HMBC correlations between H-5 and C-4a, C-5a, C-8a, C-6, C-7, and C-7ٞ; between H-8 and C-5a, C-6, C-7, C-8a, and C-9, between H-7Љ and C-2, C-3, and C-4; between OMe and C-4 further supported the assignment of 3 as the proposed structure.
Experimental
General Experimental Procedures Melting points were determined on Yanagimoto micromelting point apparatus and are uncorrected. IR spectra were recorded on a Nicolet avatar 320 FT-IR spectrophotometer. UV spectra were measured on a Hitachi U-3310 spectrophotometer. NMR experiments were run on a Varian unity INOVA-500 spectrometer. Mass spectra (EI-MS and HR-EI-MS) were taken on a JEOL JMS-HX110 and a JEOL SX-102A mass spectrometer, respectively. Column chromatography was performed on Silica gel and Sephadex LH-20 (Pharmacia). Extraction and Isolation The ground air-dried whole plant of B. formosana (20 kg) were extracted with EtOH (each 90 mlϫ3) at 60°C (overnight). The EtOH extracts were combined and evaporated under reduced pressure to give ca. 545 g residue. The concentrate was taken up in H 2 O, and partitioned with ethyl acetate and n-butanol (each 2 lϫ3) sequentially. After evaporation, the ethyl acetate (85 g) and n-butanol (135 g) soluble extracts were separatedly subjected to column chromatography over silica gel (using hexane-EtOAc-10%MeOH/EtOAc gradient for ethyl acetate extract, and 25%EtOAc/hexane-EtOAc-20%MeOH/EtOAc for n-butanol extract). The fractions (EtOAc to 10% MeOH/EtOAc) rich in polyphenolic compounds were combined and rechromatographed over Sephadex LH-20 column with MeOH as eluent to yield five fractions. Each fraction was further purified on a Sephadex LH-20 column with MeOH as eluent repeatedly, to afford 1 (105 mg), 2 (35 mg), 3 (18 mg), 4 (86 mg), 5 (31 mg), 6 (28 mg), 7 (22 mg), 8 (19 mg), 9 (7 mg), 10 (8 mg), 11 (16 mg 1 H-NMR (CD 3 OD, 500 MHz) see Table 1 . 13 C-NMR (CD 3 OD, 125 MHz) see Table 1 . Main NOE correlations: H-9/H-8; OMe/H-3, H-5. HMBC correlations: OMe/C-4; H-3/C-1, -2, -4, -4a; H-5/C-4a, -5a, -6, -7, -8a; H-6/C-5a, -5, -7, -8; H-8/C-5a, -6, -7, -8a, -9; H-9/C-5a, -8, -8a, -10, -10a; H-10/C-1, -4a, -8a, -9, -10a. EI-MS m/z: 258 (M Acetylation of 1 A solution of 1 (5 mg) in pyridine (0.5 ml) and Ac 2 O (0.5 ml) was left at room temperature overnight. The solvent and excess reagent were removed with a high-vacuum pump. Purification by preparative TLC gave 1a (4 mg C-1, -2, -4, -4a ; H-5/C-4a, -5a, -8a, -6, -7; H-6/C-5a, -5, -7, -8; H-8/C-5a, -8a, -6, -7, C-9; H-9/C-5a, 8, -8a, -10, -10a; H-10/C-1, -4a, -8a, -9, -10a; OMe (d 3.77)/C- 
